We have studied the self-assembled structures of two triblock amphiphilic polyelectrolytes of different topologies, containing a charged poly[sodium(sulfamate/carboxylate)isoprene] (SCPI) block, a polystyrene (PS) hydrophobic block and a hydrophilic neutral poly(ethylene oxide) (PEO) block in aqueous solutions, using Small Angle Neutron Scattering (SANS) and Light Scattering (LS). SANS reveals micellar and fractal aggregates in coexistence for both systems. In 
INTRODUCTION
Amphiphilic block copolymers, self-assembled in aqueous solutions, have been extensively studied as candidates for carriers in targeted drug delivery, bio-sensors, and tissue engineering [1] . Self-assembly of these macromolecular compounds leads to several geometries as core-shell micelles, vesicles, nanogels and aggregates depending not only on the chemistry of the monomeric units but also on external stimuli [1] as pH and salt content (for charged monomers) and temperature (for thermoresponsive blocks). Nanoparticles [2] with hydrophobic cores, and coronas made of water-soluble [3] (neutral micelles) or charged [4] macromolecular chains (polyelectrolyte micelles) provide a template for drug loading either on the hydrophobic core via hydrophobic interaction (in both cases) or via electrostatic attraction with the corona (in the case of polyelectrolyte micelles). Block copolymer topology is also influencing structure formation in such systems [5] .Charged or neutral nanogels [6] made of physically or chemically crosslinked macromolecules and polymeric aggregates [7] may also be utilized as pharmaceutical carriers. 3 Polyelectrolyte blocks included in self-assembled formations provide systems that can interact electrostatically with charged components in solution e.g. charged proteins or drugs. However they are highly responsive to stimuli as ionic strength and pH and in extreme cases they can be unstable [8] . On the other hand water soluble blocks are able to provide stability and solubility without the effect of ionic content. These features of the two separate systems and their individual advantages lead naturally to designing systems that combine their properties in a single system i.e. nano-formations containing both charged and neutral macromolecular blocks and to that purpose we have synthesized and studied triblock terpolymers that comprise of a hydrophobic block, a neutral water soluble block and a polyelectrolyte block in two different sequences employing anionic polymerization methodologies and recently established postpolymerization functionalization reactions [9] . Scattering. Light Scattering provided average (apparent) molecular weights and sizes that were in agreement with SANS data. This investigation highlights the sensitivity of aggregation on the several types of interactions between components in solution, the effects of macromolecular architecture on the structure of the aggregates and the ability of scattering techniques to characterize in detail these complex self-assembled structures non-invasively. 4 
EXPERIMENTAL SECTION

Triblock Terpolymers Synthesis and Solutions Preparation
The triblock terpolymers poly[sodium(sulfamate/ [9] .
The subscripts in the blocks denote the polymerization degree of each block. The SCPI block consists of isoprene units that are randomly functionalized with hydrophilic sulfamate and carboxylate groups at a proportion of ca. 75%. It is an intrinsically flexible hydrophobic polymer that dissolves in water because of the dissociating units contained in its functionalized segments.
In aqueous media SCPI has one strongly charged 3 − group (with + as a counterion) and a weak acidic − group which is neutralized [9] by + at pH below 4.2 ( figure 1 ). Briefly the synthesis of the two triblock terpolymers was accomplished[10] as described below:
SCPI-b-PS-b-PEO synthesis: The synthesis of the triblock involve the anionic polymerization of a precursor triblock and the post polymerization functionalization of the polyisoprene block. The precursor polyisoprene-block-polystyrene-block-poly(ethylene oxide) (PI-PS-PEO) block copolymer was carried out by living anionic polymerization high vacuum techniques. Initially, isoprene was polymerized in benzene at room temperature, using sec-butyl lithium as initiator.
Subsequently, a small amount of THF was added, followed by the addition of styrene at room temperature. Finally, phosphazine base and ethylene oxide were added and the temperature of the reaction mixture was raised to 40 o C to polymerize the PEO block. The polymerization was terminated by addition of degassed methanol followed by two drops of concentrated HCl. At the end of each polymerization step, aliquots were isolated in order to control the success of the 5 polymerization. During the second step, i.e. the post polymerization reaction, a predetermined amount of polymer was placed in a two-necked 100 mL round bottom flask equipped with a septum. Carefully dried diethyl ether was distilled into the flask under vacuum and the copolymer was left to dissolve overnight (final copolymer concentration was c = 50 g L -1 ). Then, chlorosulfonyl isocyanate (CSI, from Acros) was added under N2 dropwise, while the temperature was kept at 0 o C. The reaction of the polymer with CSI was continued for 6 h at 0 o C in dark and in a stream of N2. It has to be noted that precipitation was observed after one hour of
reaction. An amount of NaOH solution in water/methanol (1/3) was added dropwise. The diethyl ether was evaporated in vacuum and the remaining solution was refluxed overnight under N2.
After the end of the reaction, the solvents were evaporated under vacuum and the solid was dialyzed against water.
PS-b-SCPI-b-PEO synthesis: A similar, to the case of SCPI-b-PS-b-PEO, procedure has been followed for the synthesis of the precursor polymer and the post polymerization reaction. The difference was the addition order of the monomers. This time polystyrene block was synthesized first, followed by the addition of isoprene, in the absence of THF.
The copolymers were characterized by size exclusion chromatography, 1 H-NMR and ATR-FTIR spectroscopy in order to determine their molecular characteristics.
In order to prepare aqueous solutions of mass concentration 1mg/ml, 30mg of a triblock terpolymer were stirred for 1 hour in 10ml of tetrahydrofuran (THF, from Fluka, UV spectroscopy grade) at 60°C. Subsequently, 30ml of D2O or H2O (for SANS or LS measurements respectively) was added dropwise under vigorous stirring. THF was subsequently removed by evaporation at 65 ºC under stirring. NaCl was used as a salt and NaOH or HCl (NaOD or DCl in D2O in order to minimize the incoherent scattering in SANS) for fixing the pH.
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The contribution of the added acid or base to the ionic strength was about 10 -4 M hence we refer to these solutions as solutions with no added salt. All sample solutions were filtered with 0.45μm PVDF membrane filters in order to remove any large aggregates or dust particles. 
Small Angle Neutron Scattering
Small Angle Neutron Scattering (SANS) experiments were performed on the KWS-2 high intensity/wide-q small angle neutron diffractometer, at the research reactor FRM II (Jülich Centre for Neutron Science). The nominal scattering vector ( ) range is from 0.002 to 0. , where is the wavelength of the neutrons and is the 7 scattering angle. The scattered intensity is collected by a 2-D detector in the form of azimuthally isotropic patterns (normal for dilute solutions) which is afterwards azimuthally integrated leading to the 1-D intensity ( ). The 2-D raw data are corrected for the scattering from the empty cell and the solvent, the electronic and background noise. Lupolen and plexiglass were used a standards to set the data to absolute scale.
In a SANS experiment the instruments resolution function ( ) has to be taken into account and consequently all the theoretically calculated scattered intensities ℎ ( ) in this study are convoluted [11] by a Gaussian distribution function (equation 1). The convoluted curves ( ) are the ones fitted against the experimentally obtained data.
The instrument's resolution function ( )is given by ( ) = ( 2 + 2 ) 1/2 , where adependent ( ) and a -independent ( ) term are contained. The first term is connected to the wavelength spread ( = with = 0.2 for KWS-2) and the second term to the instrument configuration [12] which is defined by the source and sample apertures, the collimation drift line, the sample-to-detector distance, gravity and the detector resolution). More importantly, the instrument's resolution function, is experimentally determined by SANS on a model colloidal silica dispersion [12] . This system has sharp scattering features and its structural parameters have been previously determined by small angle X-ray scattering. So the experimentally determined resolution function is also checked by theoretical calculations based 8 on the instruments parameters [12] . In the "Results and Discussion" section theoretically calculated scattered intensities are denoted in short as ( ) although the convoluted scattered intensity is fitted to the experimental data.
The temperature of the samples was set at 25 ºC by a Julabo thermostat with an accuracy of 0.01ºC.
Light Scattering
An ALV/CGS-3 compact goniometer system (ALVGmbH, Germany), equipped with a ALV-5000/EPP multi tau digital correlator and a He-Ne laser operating at the wavelength of 632.8 nm was used for the Light Scattering (LS) measurements. In Static Light Scattering (SLS) the Rayleigh ratio was calculated with respect to a toluene standard. SLS measurements were performed at a series of angles in the range 30-150°.
SLS data were treated [13] by the Zimm plot:
where is the scattering wave vector, is the weight-averaged molar mass and 2 the osmotic , where , 2 the squared z-averaged radius of gyration. is the contrast factor [14] for LS and depends on the refractive index increment of the scattering particles.
In Dynamic Light Scattering (DLS) the intensity auto-correlation functions 
where is the viscosity of the solvent, is the Boltzmann constant and is the absolute temperature. All the LS experiments were performed at 25 ºC set by a PolyScience temperature controller. conditions. From top to bottom: pH3/0M NaCl, pH7/0M NaCl, pH9/0M NaCl, pH7/0.1M NaCl and pH7/0.5M NaCl. Multiplication factors (as pointed in the figure) have been used for sake of clarity. The lines are fits to the experimental data. conditions. From top to bottom: pH3/0M NaCl, pH7/0M NaCl, pH9/0M NaCl, pH7/0.1M NaCl and pH7/0.5M NaCl. Multiplication factors (as pointed in the figure) have been used for sake of clarity. The lines are fits to the experimental data.
RESULTS AND DISCUSSION
Modelling the SANS Data
We modelled our SANS data with a superposition of scattering from fractal aggregates and well-defined objects of spherical symmetry [17] . A single-component system i.e. well-defined objects of spherical symmetry were also tested and did not give fits of best quality. Additionally, the fitted sizes showed big discrepancies compared to the Light Scattering results. As in previous studies of self-assembling block copolymers in solution the structure of the well-defined objects has been fitted with models of increasing complexity until the best fit was obtained [18, 19] .
Assuming spherical symmetry, homogeneous spheres, core-shell models with uniform densities, core-shell models with multiple concentric shells and core-shell models with a uniform core and a corona with varying density are examples of models of increasing complexity. Polydispersity in sizes and densities can also be introduced to all the above models. The model that best fitted our data was a monodisperse core-shell-shell model with a uniform core and two concentric shells with varying density. As a model's complexity increases, so does the number of the fitting parameters, but when this is accompanied by significant improvement in the quality of the fits, then the increased number of fitting parameters is justified [19] .
The scattered intensity was modelled by equation 3 for both triblock terpolymer systems.
Where is the scattered intensity from fractal aggregates. This contribution is modelled [20] by a unified Guinier/power-law (equation 4)
The term
) is the Guinier regime behavior and the term is the highpower-law behavior of the fractal aggregates' scattering. The (−   ,   √6 ) term provides a smooth transition [21] between the two regimes. , and are the radius of gyration and the fractal exponent of the fractal aggregates respectively. is the pre-exponential factor and is is the scattered intensity from the well-defined objects i.e. core-shell-shell spherical objects. In this kind of geometry the scattered intensity [22] is given by equation 5.
Where is the number density of objects in solution.
The neutron scattering-length-density ( ) as a function of the radial distance ( ) is written as in equation 6. Where is the uniform scattering-length-density of the core, ( ) and ( ) are the varying scattering-length-densities of the inner and outer shells respectively and 2 is the scattering-length-density of the solvent. The radii , and are the radius of the core, the inner shell and the outer shell respectively. Figure 4 presents the most plausible morphology of the well-defined objects. They are corecorona micellar nanoparticles and this is the reason why the corresponding scattered intensity is denoted as . For the SCPI-b-PS-b-PEO triblock terpolymer a solid core is expected to form because of the hydrophobic nature of PS which drives self-assembly between triblock chains.
Since the PS-blocks are the middle blocks of the chains two tails from each PS-block are expected to extend to solution. These two blocks i.e. SCPI and PEO are both hydrophilic. The SCPI block contains almost twice more monomers than the PEO block and hence it is expected 14 to extend further into solution compared to the PEO block. This extension of the SCPI is additionally reinforced by the fact that SCPI is a charged polymer compared to PEO which is a neutral water-soluble polymer. This conformation produces an inner shell containing both PEO and SCPI segments (mixed brush) and an outer shell containing only SCPI segments and explains the discontinuous scattering-length-density profile of equation 5. Both the hydrophilic components extend to solution because of the SCPI/PEO and PEO/PEO steric interactions and SCPI/SCPI electrostatic repulsions that conventionally induce the formation of neutral or charged spherical macromolecular brushes [23] . The use of power-laws is a common practice for neutral and charged macromolecular spherical brushes [24] since it is predicted by scaling theories [25, 26] . The exponent ( ) for the inner-shell is taken to be the same for the two-blocks not because they are expected to be so, since they are chains of different nature (neutral vs polyelectrolyte chains) but because the quality of the fits did not become better choosing two different exponents as fitting parameters. In other words, from our data we cannot resolve possible differences in the two exponents.
Where 0, is the volume fraction at the PS/solution interface for SCPI or PEO segments respectively.
The volume fraction in the outer shell is given by equation 8 with a power-law exponent and a volume fraction 0, at the boundary between inner and outer shell.
The PS-b-SCPI-b-PEO core-shell-shell particles are expected to have a hydrophobic PS-core, formed by the self-assembly of the PS-segments that are the end-blocks of the triblock chains.
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SCPI blocks will emerge from the PS-solution interface and sequentially PEO blocks will extend further into solution (figure 4). A discontinuous scattering-length-density profile in the corona is due to the difference in the volume between PEO and SCPI monomers and also because of the different type of the two brushes. The scattering-length-densities of equation 6 will be given by In figure 6a the used spherical core-shell-shell model is compared to a spherical core-shell model for the micelles. The form factor of aggregates is again added to the total scattered intensity. It is shown that when a spherical model with lower number of shells is used, the turning point cannot follow the experimentally obtained data. In figure 6b the spherical coreshell-shell model is compared to a cylinder with two coaxial shells. The fitting curve does not follow the trend of the data for > 0.03 · Å −1 in the case of the cylindrical model. We have also tested and rejected ellipsoidal models in the same way. The cylindrical core-shell-shell and spherical core-shell models are not under any constraint as the spherical core-shell-shell models for number of block monomers and block sequence as the core-shell-shell models (see discussions in sections 3.2 and 3.3).
The three parameters of the fractal aggregates determine the scattering curves at low-. There the zero-scattering strength and (of fractals) are determined independently since the Guinier-to-power law transition is clear. At intermediate-and high-the fractal scattering is a straight line (power-law) which does not contribute to the specific features (although weak ones) of the curves. In this regime the micellar scattering determines the features. In figure 6 we give proof that less complex models or models of high complexity but different geometry do not fit well. Of course a high number of fitting parameters brings the question of their mutual dependency. We have to keep in mind that since we are forced to go from a core-shell model to a core-shell-shell model it means that the system "needs" one more independent length scale to be introduced. This intuitively points that the thickness and concentration of the new shell will be independent from the other parameters. Using a uniform shell does not give a good fit. This in a similar manner renders the exponent of the varying density profile adequately independent. . In all cases the coefficie nts are within acceptable limits, proving the reliability of the used models (see Supporting Material for more details).
Morphology of aggregates in the SCPI-b-PS-b-PEO system
The parameters extracted from the SANS data on the SCPI-b-PS-b-PEO triblock terpolymers are shown in which is different for the different blocks. We use the volume fraction weighted average since we will compare this value with the Light Scattering data. In SLS the average corresponds to the distribution of the refractive index increment which does not defer remarkably for the three blocks involved in this study. The forward scattered intensity due to micelles is given by 0 = • {4 ∫ ( ( ) − , which is an equation experimentally obtained for polyisoprene (PI) in a good solvent [28] . This yields to ≈ 3 in the inner layer which proves the stretching of the SCPI chains. The scaling exponent of the volume fraction profile is 1.5 which is near 4/3, the one of neutral polymer spherical brushes [29] . In the mixed brush, this is anticipated to be an effective scaling exponent since it describes both charged and neutral blocks. Additionally a possible collapsing of monomers or parts of SCPI blocks on the PS-core could produce loops of SCPI segments that would decrease the exponent from the polyelectrolyte brush scaling; where 2 is the expected value [30] . The high values of the volume fraction of 0, (table 1) supports this explanation. A similar effect has been observed in the past on a similar system of diblock copolymer micellar nanoparticles [18] formed by PS-b-SCPI. The collapsing can be caused by the inherent hydrophobic nature of the SCPI backbone followed by a condensation of the counter ions of the collapsing segments and also by the presence of unmodified hydrophobic isoprene monomeric units. A possible collapsing would reduce the effective charged polyelectrolyte segments of the SCPI blocks which shows that their actual stretching is even higher than the one mentioned when we compare with the unperturbed .
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The outer shell, which contains solely SCPI segments, has a thickness of 13 and the expected unperturbed size of these SCPI blocks is ≈ 3 . This is a clear case of stretched chains. The scaling exponent in this purely polyelectrolyte brush is 2 as expected. The "anchoring" distance ( ≈ ( 4 2 )
) on the inner/outer shell boundary is 4 .
The conformation of the SCPI-b-PS-b-PEO micellar nanoparticles is not affected by the bulk solution conditions i.e. pH and ionic strength. This is in accordance with osmotic polyelectrolyte brush behavior found for brushes with high counter ion content [29] . The pH changes affect the weakly charged COOH groups. Still, the presence of strongly charged SO3 groups is proved to provide the brushes with enough counter ions. The PEO blocks are not expected to be affected appreciably by pH or salt. with no added salt where it is somewhat lower than the rest highlighting a possible collapse of SCPI. This reflects the increased hydrophobic nature of the SCPI segments caused by the neutralization of the COOH groups at low pH. Additionally, at low pH, it is well known that hydrogen bonding between the ether groups of PEO and the carboxyl groups of SCPI is formed 25 which leads to complexation and even to phase separation [32] . This effect could enhance the intemicellar bridges and the resulting phase separation. The aggregates's size is virtually insensitive to the salt content maybe because of the high osmotic pressure of the counterions in their interior of the fractal aggregates of interconected micelles as found for polyelectrolyte microgels [33] .
The aggregation number ( ≈ 30 − 300) shows large fluctuations, especially for the cases of pH7/0M and pH7/0.1M NaCl, with the solution conditions, while , is fairly constant. In these two cases the mass content in micellar nanoparticles, which is absolutely determined by the experiment, is very low (table 1) and corresponding values are low compared to the ones for the rest of the conditions. Since we believe that hydrophobic interaction is the main driving force of this aggregation we would not expect a breakage of the fractal aggregates with no significant change in , . We hence conclude that in these two solutions and to some extend in the rest three there is some loss of material caused by filtration which makes the value of the total solution concentration and unreliable. This could mean that the virtual change in aggregation number is due to some change of the solution concentration caused by filtration. We can say that in the case of the SCPI-b-PS-b-PEO system there is a small percentage of the initial material that forms micelles, some undetermined amount of fractal aggregates of well-defined geometry and also some losses due to filtration.
Morphology of aggregates in the PS-b-SCPI-b-PEO system
The parameters extracted from the SANS data on the PS-b-SCPI-b-PEO triblock terpolymers are shown in table 2. The fitting parameters for the fractal aggregates are again , , and .
The fitting parameters for the micellar objects are , , , 
The In a two-component system a superposition of the scattering from each individual component is measured. SLS exploits larger length scales than SANS since its -regime is from 0.0004 to 0.003 Å −1 (for the angle range used in this study). This way the information in length scales relative to SANS is lost and in our case the observed length-scales fall well inside SANS regime.
In other words the Guinier regime for both species (fractal and micellar aggregates) is observed by SLS. The scattered intensity in the SLS, expected by the findings of SANS can be written in the Guinier/Zimm approximation for low-q. Based on the parameters extracted from SANS, the combination from the two separate components is given by equation 11. 
Equation 11 leads to an apparent radius of gyration expected to be observed by SLS 
In terms of gyration radii the agreement is very good for the SCPI-b-PS-b-PEO system (table 1) i.e. , ≈ , for all solution conditions. This is because the fractal aggregates determine the apparent radius ( , is very near to , ) in D2O (SANS) and because the proportions 
CONCLUSIONS
In the present study two triblock terpolymers containing blocks of the same chemistry in different sequence were studied by SANS and LS. In both systems fractal and micellar aggregates were observed by SANS which proves its power due to length-scale of observation and scattering contrast. The micellar aggregates were well-defined core-shell-shell spherical objects, consistent with the well-known charged and neutral macromolecular spherical brushes. 
